EFFECT OF SALINITY GRADIENT SOLAR POND UPON ADDITION OF CaCO3 by Arul, V. et al.
International Journal of Research and Innovation in Engineering Technology                  ISSN: 2394 – 4854 
Volume: 05 Issue: 09                                                                                                                            Pages: 01 – 06  
____________________________________________________________________________________ 
 
 
Arul.V et.al                                       IJRIET | February  2019, Available @ http://www.ijriet.com                                                                 
_____________________________________________________________________________Page:01 
 
IJRIET 
 
EFFECT OF SALINITY GRADIENT SOLAR 
POND UPON ADDITION OF CaCO3 
 
 
 
V. Arul
1
, R. Karthick
2
, Dr. S. Sivalakshmi
3
, S. Dinesh kumar
4 
1,2 PG Scholar, Department of Mechanical Engineering, GCE, Salem 
3Assistant Professor, Department of Mechanical Engineering GCE, Salem 
4Assistant Professor, Department of Mechanical Engineering, SSCE, Virudhunagar 
E-mail-ID:  1arulsky4@gmail.com 
 
Received 02 January 2019, Revised 29 January 2019, Accepted 03 February 2019                                      
Available online 06 February 2019  
 
Abstract 
This study involves the experimental optimisation of the performance of with and without adding CaCO3 in solar 
pond. The experiment was carried out at Government College of Engineering, Salem, India. Readings were taken for 
a period of 10 days. The temperature distribution and the amount of heat energy stored were evaluated. For 
comparison of ambient temperature and three convective zones temperature, the solar pond of volume 0.176 m3 and 
height of 0.45 m was constructed. The shape of the solar pond is trapezoidal and the inclination angle of the pond is 
56º. The temperatures of the solar pond with and without adding CaCO3 were obtained as 50.7º C and 46º C 
respectively. The solar pond at lower convective zone (LCZ) indicated an increase of 10.2% in temperature. The 
difference between the amounts of heat energy stored is 12.6 kJ. From the result it is concluded that by adding 
CaCO3 increases the temperature of lower convective zone (LCZ) and also increases the amount of heat energy 
stored in the solar pond. 
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1. INTRODUCTION 
The world is facing significant challenges in the field 
of energy, including tackling the high level of 
pollutants produced by the use of conventional fuels, 
and meeting increasing demand. This creates a need 
for clean energy sources, so greenhouse gas 
emissions can be eliminated or significantly reduced. 
Renewables are likely to be the best alternative to 
traditional fuels, because they are sustainable and 
clean, with zero or low emissions. Solar energy is  
 
appropriate for many developing and undeveloped 
countries, which have suitable weather for its 
exploitation. It is among the most significant 
categories of renewables and has seen a substantial 
increase in use in recent year (Alcaraz et al., 2018; 
Valderrama et al 2016). Environmental concerns 
have led to use of solar energy, which is more 
abundant and applicable. It has the potential to use 
and store simultaneously during the daytime. There 
are some differences between an ordinary pond or 
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lake and a salt gradient solar pond. When an ordinary 
pond is exposed to a solar radiation, some parts of 
received solar radiation penetrate to the bottom of the 
pond and are absorbed by lower layers of water. As a 
result, water in the lower parts of the pond becomes 
warmer and rises to the surface of pond, where it 
loses the absorbed heat to the ambient and descends 
to the bottom region of the pond and replaced by the 
warmer fluid. The final result is a mass of water with 
almost uniform temperature near the ambient 
condition as a result of the induced natural 
convection inside the pond. In solar ponds, this 
phenomenon is inhibited by dissolving salt into lower 
parts of pond, making them heavier and keeps them 
from rising to the surface, even when the bottom 
water layer is hot. The concentration of salt increases 
with depth and creates a salt gradient in the pond. 
Solar radiation reached to the bottom of the solar 
pond, is entrapped there and heats the water 
(Dehghan et al.,2013). Solar ponds are one of the 
methods to collect and store incident solar radiation 
in simple way, low-priced and efficient. The most 
common and widely-used type is the salinity gradient 
solar pond (SGSP). Salt gradient solar pond is one of 
the methods which absorbs and stores solar energy. 
Solar ponds are one of the well-known heat storage 
systems, which accumulate the thermal energy using 
solar radiation. Salt gradient solar ponds are one of 
the different types of solar ponds, which can be 
formed by applying different types of salts. In fact, 
salt gradient solar ponds consist of three layers or 
zones. The first zone is the surface layer with the 
least salt and thickness, which refers to upper 
convective zone (UCZ). Then second zone, which is 
the middle layer, and refers to the non-convective 
zone (NCZ). In this layer, saturation increases by the 
depth and thickness being wider than UCZ. Finally, 
the lowest layer refers to the lower convective zone 
(LCZ), which is usually near saturated water. In this 
layer, the heat is stored. NCZ acts as a thermal 
insulation for the bottom layer and helps to prevent 
heat loss. Despite the penetration of solar radiation 
into the depth, it cannot escape from the zone. 
Common method for energy removal from a solar 
pond is heat extraction from lower convective zone 
(LCZ) through an internal heat exchanger, which can 
be installed in LCZ. The general diagram of salt 
gradient solar pond shown in figure1.The NCZ is the 
most important element of the pond and has been the 
subject of the majority of research in this domain. 
The most frequently used salt in solar ponds is NaCl. 
The weather condition was also discussed that in 
summer season at sunny hours and solar radiation 
have a positive effect on the rise of solar pond 
temperature. Negative climatic factors such as winter 
season, rain and wind speed causes a decrease in the  
solar pond temperature (Montala et al., 2018). The 
temperature of the LCZ decreased as the thickness of 
the UCZ was increased (Asaad H. Sayer et al., 2018). 
The analysis shows that wall shading effect reduces 
the LCZ temperature (Jaefarzadeh et al., 2004). 
Karakilcik et al., 2013 reported that to reduce in the 
wall shading effect of solar pond could increase the 
solar pond storage efficiency. The thermal stability of 
solar pond can be increased by adding phase change 
material but it could decrease the thermal efficiency 
of solar pond (Assari et al., 2015). Choosing the right 
angle of the side wall of the solar pond leads to 
increase in the efficiency of solar pond (Morteza, 
2017). Adding porous medium such as coal cinder 
increases the LCZ temperature. Coal cinder is cheap 
and broad sources. And also, coal cinder, compared 
with pebble can obviously increase the temperature 
(Hua Wang et al., 2014). Floating discs were found to 
be the best evaporation suppression element due to 
their resulting low evaporation rates, high LCZ 
temperatures, and high solar pond heat content 
(Jeffrey A. Ruskowitz et al., 2014). Solar collectors 
can be considered a good alternative for avoiding a 
significant decrease in solar pond temperatures 
especially during cold season (J.L Cortina et al., 
2018). Turbidity of water affects the performance of 
solar pond. By using thin plastic cover on solar pond 
to overcome this problem. Dust has negative impact 
on performance of solar ponds whereas using porous 
can be compensate for the lack of solar radiation and 
causes more thermal stability (Mohammad Reza 
Assari et al., 2017). To derived analytical formulae to 
describe the change in the concentration of the UCZ 
and LCZ in a salinity gradient solar pond (Asaad H. 
Sayer et al., 2017). A thin liquid paraffin covers to 
suppress evaporation from UCZ and reducing the 
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reduced the cost of water replacement. And also, 
significantly increase the performance of solar pond 
(Asaad H. Sayer et al., 2017). The shading of the side 
walls will have a great impact on the energy and 
exergy efficiency of the pond (Morteza, 2017). To 
compare the rectangle and circle shape solar pond 
and less shadow effect and high temperature was 
obtained in rectangle solar pond (Mohammad Reza 
Assari et al., 2015). The weather conditions 
determine the performance of solar pond facility and 
can affect its long-term storage capacity (A. Alcaraz 
et al., 2018). Therefore, CaCO3 were tested to study 
their effects and performance of a SGSP. 
 
Figure: 1 General Diagram of Salt Gradient Solar 
Pond 
 
2.  MATERIALS AND 
EXPERIMENTAL SETUP 
A small-scale salinity gradient solar pond with 
trapezoidal cross section was built in Government 
College of Engineering, Salem with a height and 
surface area of 0.45m and 0.27m2 (0.176 m3 volume). 
The solar pond was constructed by 0.05m of 
concrete. The inside of the solar pond was painted in 
black to increase the absorption of radiation. Based 
on the salt concentration the solar pond is divided 
into three distinct zones, Lower Convective Zone 
(LCZ), Non-Convective Zone (NCZ) and Upper 
Convective Zone (UCZ) with heights of 0.17, 0.2 and 
0.03 m respectively. Zonal thickness of solar pond is 
shown in figure 2. The top zone (first) of the solar 
pond is Upper Convective Zone (UCZ) and the fresh 
water is filled at the top of the pond. This zone is 
supplied with fresh water in order to sustain its 
density close to the density of fresh water and to 
replace the lost water due to evaporation. The UCZ 
was designed as 0.03m thickness. The middle zone 
(second) is the Non-Convective Zone (NCZ) between 
the Lower Convective Zone (LCZ) and the UCZ. 
NCZ is composed of salty water layers whose brine 
density gradually decreased from LCZ. Middle layer 
(NCZ) is the key to the functional solar pond. It 
allows solar radiation to penetrate into the LCZ. The 
NCZ was designed to 0.2m thickness. The Bottom 
zone (third) is known as the Lower Convective Zone 
(LCZ) (called as the Heat Storage Zone, HSZ) is 
composed of salty water with highest density. 
Considerable amount of the solar energy is absorbed 
and stored at this region. The LCZ was designed with 
0.17m thickness with a salt concentration of 250g/l. 
For preventing the heat loss from the solar pond, a 
layer Expanded polystyrene (EPS) of 0.02m 
thickness is placed around the pond. Expanded 
polystyrene (EPS) is a rigid and tough, closed-cell 
foam with a normal density range of 11 to 32 kg/m3 
and thermal conductivity range from 0.032 to 0.038 
W/(m·K). 
 
Figure: 2 Zonal Thickness of Solar Pond 
The experimental study was carried out over 10 days 
starting from on 5th November 2018. CaCO3 as an 
additive was used to overcome the winter season 
temperature drop and increase the temperature in the 
solar pond. The densities at the various three layers 
are determined by measuring the weight of the 
sample of the salt water. Temperatures are recorded 
in the ponds using five thermocouples at the heights 
of 6, 14, 22, 35 and 42 cm respectively from bottom 
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to the top. K type and J type thermocouples are used 
to measure the temperatures at various zones. The 
thermocouples are connected to a data acquisition 
system in which the temperatures are recorded thus, 
the readings are noted down at the various convective 
zones. 
 
 
 
Figure: 3 Experimental Setup of the Solar Pond 
 
3. RESULTS AND DISCUSSIONS 
In this paper, a trapezoidal shape salt gradient solar 
pond with the area of 0.27m2 was developed at 
Government College of Engineering, Salem and the 
thickness of UCZ, NCZ and LCZ layers were 
adopted as 0.03m, 0.17m and 0.2m respectively. The 
experimental results of the LCZ temperature and heat 
storage capacity with and without CaCO3 solar pond 
are discussed in detail. 
Figure 4 shows that the comparison between the LCZ 
temperatures with and without CaCO3. From the 
graph it is observed for a period of 10 days the 
average temperature at the LCZ in the ponds with and 
without CaCO3 solution was obtained as 50.7ºC and 
46ºC respectively.  
 
Figure: 4 Comparison between the LCZ 
temperatures of with and without CaCO3 
Figure 5 represents the variation of temperatures has 
been estimated based on 10 days with and without 
CaCO3. In addition, the results indicate that higher 
solar radiation causes a maximum temperature 
storage which is achieved in solar pond. And also, the 
result shows that the heat storage capacity is 
increased in solar pond by adding CaCO3 in winter 
season, where the radiation is decreased. Therefore, 
in this study it is inferred that addition of CaCO3 in 
the solar pond helps in increasing the amount of heat 
storage by a maximum temperature of 10.2% 
4. CONCLUSION 
In this present work the effect of CaCO3 in solar pond 
are investigated experimentally. It includes 
distribution of temperature, temperature difference 
and salinity gradient, on the operation of salt gradient 
solar ponds during the period of 10 days. The 
temperatures at the lower convective zones are      
50.7ºC and 46ºC in the solar pond with and without 
CaCO3 solar pond respectively. Therefore, the solar 
pond with CaCO3 indicated an increase of 10.2 % in 
temperature. The difference between the amounts of 
heat energy stored is 12.6 kJ. After analyzing the 
solar pond, it is concluded that the solar pond with 
CaCO3 is better preferred to overcome the weather 
condition problems. 
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Figure: 5 Variation of temperature with radiation 
based on days for solar pond with and without CaCO3 
5. FUTURE WORK 
Future work focuses on comparative study of the 
effect of CaCO3 in solar pond under summer and 
winter conditions. Further the analysis of the effect of 
mixed medium with CaCO3 in solar pond will also be 
investigated. 
References 
[1] A. Alcaraz, M. Montala, J. L. Cortina, Design 
construction and operation of the first 
industrial salinity-gradient solar pond in 
Europe: An efficiency analysis perspective, 
Solar Energy 164 (2018) 316–326. 
[2] A. Alcaraz, C.Valderrama, J. L. Cortina, A. 
Farran, Enhancing the efficiency of solar pond 
heat extraction by using both lateral and 
bottom heat exchangers, Solar Energy, 134 
(2016) 82–94. 
[3] Ali A. Dehghan, Alireza Movahedi, Mohsen 
Mazidi, Experimental investigation of energy 
and exergy performance of square and 
circular solar ponds, Solar Energy, 97 (2013) 
273-284. 
[4] A. Alcaraz, M. Montalà, C. Valderrama, J. L. 
Cortina, A. Farran, Thermal performance of 
500 m2 salinity gradient solar pond in 
Granada, Spain under strong weather 
conditions, Solar Energy, 171 (2018) 223–228. 
[5] Asaad H. Sayer, Alireza Abbassi Monjezi, 
Alasdair N. Campbel, Behaviour of a salinity 
gradient solar pond during two years and the 
impact of zonal thickness variation on its 
performance, Solar Energy 130 (2018) 1191– 
1198. 
[6] M.R. Jaefarzadeh, Thermal behavior of a small 
salinity-gradient solar pond with wall shading 
effect, Solar Energy 77 (2004) 281–290. 
[7] Mehmet Karakilcik, Ibrahim Dincer, Ismail 
Bozkurt, AyhanAtiz, Performance assessment 
of a solar pond with and without shading 
effect, Energy Conversion and Management 
65 (2013) 98–107. 
[8] Mohammad Reza Assari, Hassan Basirat 
Tabrizi, Alireza Jafar Gholi Beik, 
Experimental studies on the effect of using 
phase change material in salinity 
gradient solar pond Solar Energy 122 (2015), 
204-214. 
[9] Morteza Khalilian, Energetic performance 
analysis of solar pond with and without 
shading effect, Solar Energy, 157 (2017) 860-
868. 
[10] Hua Wang, JianingZou, J.L. Cortina, J. Kizito, 
Experimental and theoretical study on 
temperature distribution of adding coal cinder 
to bottom of salt gradient solar pond. Solar 
Energy 110 (2014) 756–767 
[11] Jeffrey A. Ruskowitz, Francisco Suárez, Scott 
W. Tyler, Amy E. Childress, Evaporation 
suppression and solar energy collection in a 
salt-gradient solar pond, Solar Energy 99 
(2014) 36-46. 
International Journal of Research and Innovation in Engineering Technology                  ISSN: 2394 – 4854 
Volume: 05 Issue: 09                                                                                                                            Pages: 01 – 06  
____________________________________________________________________________________ 
 
 
Arul.V et.al                                       IJRIET | February  2019, Available @ http://www.ijriet.com                                                                 
_____________________________________________________________________________Page:06 
 
[12] A. Alcaraz, M. Montala, J. L. Cortina, 
Increasing the storage capacity of a solar pond 
by using solar thermal collecters: Heat 
extraction and heat supply processes using in 
pond heat exchangers, Solar Energy 171 
(2018) 112–121. 
[13] Mohammad Reza Assari, Hassan Basirat 
Tabrizi, Mohsen Parvar, Ali Kavoosi Nejad, 
Alireza Jafar Gholi Beik, Experiment and 
optimization of mixed medium effect on 
small-scale salt gradient solar pond, 
Solar Energy,151  
(2017) 102-109. 
[14] Morteza Khalilian, Energetic performance 
analysis of solar pond with and without 
shading effect, Solar Energy, 157 (2017) 860-
868. 
[15] Asaad H. Sayer, Hazim Al-Hussaini, Alasdair 
N. Campbel, An analytical estimation of salt 
concentration in the upper and lower 
convective zones of a salinity gradient solar 
pond with either a pond with vertical walls or 
trapezoidal cross section, Solar Energy 158 
(2017) 207–217. 
[16] Asaad H. Sayer, Hazim Al-Hussaini, Alasdair 
N. Campbel, Experimental analysis of the 
temperature and concentration profiles in a 
salinity gradient solar pond with, and without 
a liquid cover to suppress evaporation, Solar 
Energy 155 (2017) 1354–1365. 
[17] Morteza Khalilian, Assessment of the overall 
energy and exergy efficiencies of the salinity 
gradient solar pond with shading effect, 
Solar Energy, 158 (2017) 311-320. 
[18] Mohammad Reza Assari, Hassan Basirat 
Tabrizi, Alireza Jafar Gholi Beik, 
Experimental studies on the effect of using 
phase change material in salinity-gradient 
solar pond. Solar Energy 122 (2015) 204–214.  
[19] Mehmet Karakilcik, Ibrahim Dincer, Ismail 
Bozkurt, AyhanAtiz, Performance assessment 
of a solar pond with and without shading 
effect, Energy Conversion and Management 
65 (2013) 98–107.  
 
